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PURPOSE: To eliminate the production of a thermal 
stress of a cooler by face- down bonding a semiconductor 
chip to a substrate mounted on a housing and bonding 
the back surface of this chip through a metal film to a 
flexible thermal conduction plate with low melting point 
metal. 

CONSTITUTION: A semiconductor chip 4 is 
face-downward bonded with a solder ball 9 on a 
substrate 8 to bond the substrate 8 to a housing 1 
(numeral 13 designates a cooler), a metal film is formed, 
on the back surface of a semiconductor chip, while a 
flexible thermal conduction plate 10 and a thermal 
conduction plate 11 having a gap are provided at the 
housing 1, and the plate 11 and the chip 4 are bonded 
through a low melting point metal 12. In this manner, 
since the chip and the housing can be completely 
bonded, an electronic device having compact structure 
and high reliability can be obtained. 
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In the following, the operation of this embodiment will be described with 
reference to Fig. 7 through Fig. 9. Fig. 7 shows the way things are before the 
semiconductor chip 4 and the heat conducting disk 11 are bonded together 
through the low-melting-point metal 12. The edge 16 of the heat conducting 
disk 11 is urged against the semiconductor chip 4 by a repulsion of the elastic 
conductive plate 10. At this stage, the low-melting-point metal 12 is in the solid 
state and stored in the cylinder 15. The low-melting-point metal 12 in minute 
spherical from (solid state) is attached to the metal film 21, which is partitioned 
into minute sections on the back surface of the semiconductor chip 4, The 
low-melting-point metal balls 22 have a diameter that is determined by the size 
of partitioned metal film pieces and the surface tension of the melted 
low-melting-point metal 12. Controlling the size of partitioned metal film pieces 
makes it possible to keep the diameter of the low-melting-point metal balls 22 
smaller than the depth of the gap 14. Fig. 8 shows the way things are when the 
semiconductor chip 4 and the heat conducting disk 11 are bonded together 
through the low-melting-point metal 12. As heat is applied to the entirety of the 
package while things are arranged as shown in Fig. 7, the low-melting-point 
metal 12 melts inside the cylinder 15, and flows into the gap 14 due to the 
operation of gravity. At this stage, the low-melting-point metal balls 22 has 
already been melted, and, thus, do not prevent the flow of melted metal. Gas 
(which is generally an inactive gas) in existence inside the gap 14 is pushed by 
the flow of the melted metal to come out through the radius-direction grooves 1 7. 
The gas thus does not stay inside the gap 14 in such a manner as to prevent the 
flow of the melted metal. The width and depth of the radius-direction grooves 
17 are sufficiently small to keep the melted metal by the operation of a surface 
tension. The melted metal thus does not spill out through the radius-direction 
grooves 17. A metal (e.g., indium) is selected as the low-melting-point metal 12 
such that the selected metal has a melting point sufficiently lower than that of the 
solder balls used for connecting the semiconductor chip to the substrate. When 
the package is cooled after the melted metal fills the gap 14, the small-sized 
partitioned metal film 21 on the back surface of the semiconductor chip is 
bonded to the heat conducting disk 11 through the low-melting-point metal layer 
(in the solid state) 12. The heat conducting disk 11 is made of a material (e.g., 
molybdenum, SC ceramic, etc.) having a small thermal expansion ratio and a 



4 



high heat conductivity with respect to the semiconductor chip 4. When the 
semiconductor chip 4 is bonded to the heat conducting disk 11 through the 
low-melting-point metal 12, therefore, no excessive thermal stress is applied to 
the chip 4. Further, the heat conducting plate 11 and the housing 1 are 
connected together through the heat conducting elastic plate 10, so that no 
excessive stress due to the heat-resultant deformation of the package is applied 
to either the semiconductor chip 4 or the solder balls 9. If the package is that of 
large size, there is a need to exchange the semiconductor chip 4. This makes it 
necessary that the semiconductor chip 4 and the heat conducting disk 11 are 
separable from each other. Fig. 9 shows the method of separation. As heat is 
applied to the package 1 with the housing 1 positioned at the bottom, the 
low-melting-point metal 12 shown in Fig. 8 is melted, and the melted metal flows 
into the cylinder 15 by the operation of gravity. Gas (which is generally an 
inactive gas) inside the cylinder 15 is pushed by the flow of the melted metal so 
as to come out through the hole 1 8. Accordingly, the gas inside the cylinder 1 5 
does not prevent the follow of the melted metal. The diameter of the hole 18 is 
sufficiently small to maintain the melted metal by its surface tension. The 
melted metal thus does not spill out through the hole 18. The melted metal 23 
which has turned Into small balls by its surface tension remains on the 
small-sized partitioned metal film 21 provided on the back surface of the 
semiconductor chip 4. The use of fine partitioning of the metal film 21 makes it 
possible to avoid such a situation as the large quantity of melted metal remains 
on the back surface of the semiconductor chip 4, thereby providing for easy 
re-bonding. Then, the semiconductor chip 4 is separated from the heat 
conducting disk 11, and the package is cooled. This provides for the 
arrangement shown in Fig. 7 to be reproduced at the time of re-bonding. The 
material and size of each element in this embodiment are as follows: the elastic 
heat conducting plate 10 is copper and 0.1 mm in thickness; the heat conducting 
disk 11 molybdenum and 2 mm in thickness, and the gap 0.2 mm in depth. 
Further, the thermal resistance from the semiconductor chip 4 to the housing is 6 
degrees Celsius/watt, which is a quite small value. 
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